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CHAPTER I 
PURPOSE OF THE STUDY 
The purpose of this study is to make an analysis of the 
persistency of the use of the zero as a "crutch" in the second 
partial product when multiplying by a two-digit number and to 
study the transfer of learning when multiplying by a three-
digit number. 
Source of the problem and justification. In order to 
make the study of arithmetic as meaningful as possible, teach-
ers make use of many devices and aids, one of which is the 
"crutch" of using the zero in the second partial product when 
multiplying by a two-digit number. 
Some authors favor this practice, for they feel that 
children will drop the "crutch" after they reach a mature 
level of performance. Among those in favor of this practice y 
are Brueckner and Grossnickle who say, "The zero ••••••••• is 
written at the beginning phase of this work to emphasize to the 
pupil that he is multiplying by 10. The use of the terminal 
zero makes clear the proper placement of the partial product. 
After a certain amount of practice, the pupil may discover 
that there is no need to write the terminal zero in each row 
1/Leo J. Brueckner and Foster E. Grossnickle, Making 
Arithmetic Meaningful. Philadelphia: J. C. Winston Company, 
1953, pp. 300-301. 
1 
of the partial product. Then he may be permitted to write the 
partial product in the conventional form without the zero." y 
Clark and Eads are also in favor of the use of the 
zero £or a while. y 
Opposed to the "crutch" is Buckingham who believes 
that, "The use of zero as a place holder is unnecessary since 
the rigid framework of the algorism serves the purpose." 
if 
Morton does not use the zero as a "crutch," either. 
He does say, however, that when the pupils are proficient in 
multiplying by two-place numbers they may be shown why the y 
partial product is written as it is. 
Scope and limitations of the study. Nineteen children 
in a £ourth grade class at the Beethoven School in Newton, 
Mas sachusetts took part in this study which was undertaken to 
analyze the persistency .of the use of the "crutch" in the 
second partial product when multiplying by a two-digit multi-
plier. Five tests which were constructed and corrected by this 
writer were given to the children; the first on February 28, 
1955 before the study was begun and the final on March 31, 1955 
k/John R. Clark and Laura K. Eads, Guiding Arithmetic 
Learning. New York: World Book Company, 1954, p. 126. 
~B. R. Buckingham, Elementary Arithmetic: Its Meaning 
and Practice. Boston: Ginn and Company, l947, p. 167 • 
.!/Robert Lee Morton, Teaching Children Arithmetic: Pri ... 
mary, Intermediate, Upper Grades. New York: Silver Burdett 
Company, 1953, p. 227. 
§/Ibid., p. 228. 
2 
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when the study was completed. The other tests were given after 
various phases of the study were completed. 
CHAPTER II 
REVIEW OF RESEARCH AND RELATED LITERATURE 
In a discussion of literature related to this study it 
seems desirable to this writer to divide the research into 
three sections: meaningful arithmetic, crutches in arithmetic, 
and methods of teaching multiplication by a two-digit multi-
plier . 
Meaningful arithmetic. Most teachers agree that arith-
metic should be taught meaningfull y, but "there are still wide 
variations in practice by people all of whom say that they are y 
teaching arithmetic meaningfully." y 
Junge reports that "recent writings have stressed the 
need of teaching for meaning. They indicate that arithmetic 
should be made intelligible and useful to the learner and that 
the primary purpose of instruction in arithmetic is to help 
children grow in the ability to think quantitatively." 
1/Vincent J. Glennon and c. W. Hunnicutt, What does 
Research say about Arithmetic?, A Report Prepared for the 
Association For Supervision And Curriculum Development, A 
Department of the National Education Association {Washington, 
D. c., 1952), P• 12. 
y'Charlotte w. Junge, "Good Teachers of Arithmetic Teach 
for Meaning." National Education Association Journal -42 (March 
1953), p. 167. 
4 
!d 
Brownell, in 1935, wrote a definition of the meaning 
theory which appears to this writer to be a sound one. He said: 
I "The 'meaning' theory conceives of arithmetic as a closely knit 
system of understandable ideas, principles, and processes. 
According to this theory, the test of learning is not mere 
mechanical facility in 'figuring'. The true test is an intel-
ligent grasp upon number relations and the ability to deal with 
arithmetical situations with proper comprehension of their math-
ematical as well as their practical significance." 
It has been since 1935 that the "meaning theory" has 
gained real headway, although long before that meaningful teach-
Y 
in 1895 ing was advocated. §./ For example, McLellan and Dewey 
and Thorndike in 1922 stressed the importance of teaching for 
meanings and understandings. 
:&'William A. Brownell, "Psychological Considerations in 
the Learning and Teaching of .Arithmetic." The Teaching of Arith-
metic. Tenth Yearbook, National Council of Teachers of Math-
ematics. New York: Bureau of Publications, Teachers College, 
Columbia University, 1935, pp. 1-31. 
!/James A. McLellan and John Dewey, The Psychology of 
Number. New York: D. Appleton Century Company, 1916. 309p. 
§/E. L. Thorndike, The Psychology of Arithmetic. New 
York: The Macmillan Company, 1922. 3l~p. 
5 
Moser, 
§/ y' 
Anderson, Brownell and 
w 
have shown that 
Recent studies by Alkire, 
§/ y .!Q/ 
Howard, Swenson, and Thiele 
when the teaching is done meaningfully the learning that 
results is superior to that achieved under other kinds of 
teaching. 
w 
Ac.cording to Junge "numerous studies have been made 
evaluating the meaning approach to teaching. They show that 
&/E. Russell Alkire, An Experimental Study of the Value 
of the Meaningful Approach to the Operation of' Division with 
Common Fractions. Master's Thesis. Claremont, California: 
Claremont College, 19~9. 2llp. 
y'G. Lester Anderson, "Quantitative Thinking as Devel-
oped Under Connectionist and Field Theories of Learning." 
Learning Theory in School Situations. University of Minnesota 
Studies in Education, No. 2. Minneapolis: University of 
Minnesota Press, 19~9. p. ~0-73. 
§/William A. Brownell and Harold E. Moser, Meaningful 
versus Mechanical Learning: A Study in Grade III Subtraction. 
Duke University Research Studies in Education, No. 8. Durham, 
N. c.: Duke University Press, 19~9. 207p. 
. p_/Charles F. Howard, "Three Methods of Teaching Arith-
metic." California Journal of Educational Research 1: 3-7; 
January 1950 • 
..!Q/Esther J. Swenson, "Organization and Generalization 
as Factors in Learning, Transfer, and Retroactive Inhibition." 
Learning Theory in School Situations. University of Minnesota 
Studies in Education, No. 2. Minneapolis: University of 
Minnesota Press, 19~9. p. 9-39. 
l1fc. Louis Thiele, Contribution of' Generalization to 
the Learning of the Addition Facts. Contributions to Education, 
No. 673. New York: Bureau of Publications, Teachers College, 
Columbia University, 1938. 8~p. 
~Junge, op. cit., p. 167. 
6 
children taught meani ngfully retain the learning longer, are 
able to transfer this learning more effectively to solving new 
problem situations, and develop the ability to think quanti-
tatively better than do those taught under a drill method. 
Furthermore, a method of teaching which emphasizes rational 
' procedures appears to be the most economical route to speedy 
and accurate computation." 
Four excellent reasons for developing mathematical §I 
meanings in arithmetic are given by Brownell. 
"1. Arithmetic can function in intelligent 
living only when it is understood. 
2. Meanings facilitate learning. 
3. Meanings increase the chances of transfer. 
4. Meaningful arithmetic is better retained 
and is more easily rehabilitated than is 
mechanically learned arithmetic." 
w Brownell further develops these reasons by saying: 
"It is a fallacy to classify arithmetic as a skill or a drill 
or a tool subject. In practical living we must be intelligent 
in quantitative situations. For many years we have been told 
that skills can be used intelligently only when they have been 
acquired intelligently; hence, the importance of meanings in 
arithmetic. 
w 
It is through meanings, according to Brownell, that 
WWilliam A. Brownell, "When Is Arithmetic Meaningful? 11 
1 Journal of Educational Research 38 (March 1945), pp. 493-497. 
lliibid • 
.!§!Ibid. 
7 
we gain insights which "in turn enable us to .forsee connections 
and to tie together various aspects of the learning task which, 
without understanding~ would have to be mastered separately, 
one at a time." He tells us that any extra time that is used 
in the beginning to teach meanings is regained later on, 
"through quicker and more intelligent learning." He continues: 
"Meanings strengthen skills by supplying a structure to sup-
port them. When the skills themselves no longer .fUI'lction, the 
structure remains, and on this basis the skills can be renewed." 
These meanings or understandings are not rules which 
children learn and recite from memory, but they may be .formu-
lated by them after meaningful learning has taken place. 
Teachers make lists of understandings to serve as guides in 
teaching, and it is through this teaching with many and varied 
experiences that children are able to develop their own mean-
ings and understandings. 
The .following four categories of meanings are listed by 
Brownell. 
.!§/ 
1. 11 0ne group consists of a large list of 
basic concepts. 
2. A second group of mathematical meanings 
includes understandings of fundamental 
operations. 
3. A third group of meanings is composed of 
the more important principles, relation-
ships, and generalizations of arithmetic. 
1§/William A. Brownell, "The Place of Meaning in the 
Teaching of Aritr..metic." Elementary School Journal 47: 256-65; 
January 1947. 
8 
4. A fourth group of meanings relates to 
the understanding of our decimal number 
system and its use in rationalizing our 
computational procedures and algorisms. 
Though other lists have been formulated, this list 
appears to contain almost all the topics that would be devel-
oped in an elementary school. It is mainly in relation to the 
fourth category that this study of multiplication with a two-
digit multiplier is concerned. 
One way of making the multiplication algorism meaningful 
is to show why there is a blank space in the second partial 
product. The use of the zero as a "crutch" is one good way. 
Crutches in arithmetic. It would be well at this point 
to review some of the current thought on the use of crutches in 
arithmetic. 
w Clark defines a crutch as "a support or aid, for tem-
W 
porary use to provide security for the user." He believes 
that with an arithmetic crutch a pupil "is expected to learn 
more effectively, to secure better understanding and to acquire 
increased facility in working with numbers." 
.!Y 
In his list of guiding principles, McConnell says, 
11/John R. Clark, "The Use of Crutches in Teaching." 
The Arithmetic Teacher 1 (October 1954), p. 6. 
lWibid. 
_!YT. R. McConnell, "Recent Trends in Learning Theory: 
Their Application to the Psychology of Arithmetic." Arithmetic 
in General Education. Sixteenth Yearbook, National Council of 
Teachers of Mathematics. New York: Bureau of Publications, 
Teachers College, Columbia University, 1941, p. 279. 
9 
"Intermediate steps, such as the use o:r the "crutch" in sub-
traction, aid the learner both to understand the process and to 
compute accurately. With proper guidance, these temporary 
reactions may be expected to give way to more direct responses 
in the later stages o'f learning." 
In a study in Grade III Subtraction, Brownell and 
:EQ/ 
Moser 'found that the crutch was very bene'ficial in the 
beginning stages o:r learning borrowing in subtraction. They 
report that in the later stages "immediately a'fter they (the 
children) had been shown shorter ways to borrow and a'fter they 
had been told not to use the crutches, there was a pronounced 
drop in 'frequency o:r use." The authors also say that the trend 
away 'from the crutches had already started be'fore the end o:r 
the instructional period. 
According to Morton, 
_gy 
"i'f teachers introduce the sub-
traction crutch they should encourage the pupils to discon-
tinue its use as soon as they are able to visualize the situa-
tion without it." 
w Morton also believes that some children do not need 
a crutch at all. He says, "which pupils should use this and 
]Q/Brownell and Moser, op. cit., p. 76. 
_gy'R. L. Morton, "Teaching Arithmetic." What Research 
Says To The Teacher, No. 2. Washington, D. c.: National Educa-
tion Association, 1953, p. 2~. 
10 
other crutches and how soon those who use crutches should dis-
continue their use are questions which each teacher will have 
to answer for her own pupils." 
w 
In agreement with Morton i s Clark who believes that 
some crutches are "too immature for some pupils in a class and 
too mature for others. We know that only the teacher is able 
to guide the learner in his selection and subsequent rejection 
of a particular crutch." 
w Once again reference is made to Morton who feels that 
crutches should not be put in all textbooks and workbooks where 
they can be seen by all the children. These aids should be 
introduced by the teacher if and when the need arises. 
that: 
Those who oppose the use of crutches do so on the belief 
1. "Many times crutches confuse rather than 
clarify the process to be learned. 
2. They are frequently as difficult to learn 
as are the processes which they are assumed 
to simplify, often more difficult. 
3. Even if they possess temporary value, they 
tend to outlive their usefulness and to 
become fixed as uneconomical habits. 
4. Consequently, they block learning by en-
couraging the learner to remain at a lower 
level of efficiency and maturity than he 
otherwise might attain. 11 ,W' 
~Clark, op. cit., p. 9. 
~Morton, op. cit., p. 25. 
25/William. A. Brownell, "The Place of 'Crutches' in 
Instruction. 11 Elementary School Journal 34 (April 1934), p. 608. 
11 
w -
Brownell writes that those who favor the use of 
crutches certainly would not advocate their use if the effects 
listed above were realized. They believe that devices which 
they call crutches are usefUl because they: 
111. contribute meaning and intelligibility to 
the processes which they are designed to 
explain, 
2. are readily understood by the children, 
3. are abandoned as soon as they are no 
longer needed, and 
4. are conducive to the most economical 
growth and the soundest maturity." 
:tlJ 
Clark says: "We like crutches which contribute to 
understanding. We dislike crutches which · are tric.ky, which do 
not foster thinking or record thinking. We are as much con-
earned with learning to dispense with them as we are with 
having them." 
Methods of teaching multiplication by a two-digit multi-
p1ier. Just as there is disagreement about the use of crutches 
in arithmetic, so mathematical experts do not agree as to the 
method of presentation of multiplication by a two-digit number, 
and in connection with this study, their ideas should be dis-
cussed. 
~ 
Brueckner and Grossnickle are in favor of a pupil 
k§/Ibid. 
E1fclark, op. cit., p. 9. 
28/Leo J. Brueckner and Foster E. Grossnickle, Making 
Arithme~c Meaningful. Philadelphia: J. c. Winston Company, 
1953, pp. 300-301. 
12 
retaining the terminal zero in the second partial product to 
emphasize that he is multiplying by 10. They do not believe 
that he should always keep this zero, but should do away with 
it when he discovers that there is no need to write this zero 
in every example. Then the pupil should write the second par-
tial product in the conventional manner. 
w 
A belief of the previous authors is: "A very desir-
able objective of teaching number is to begin a process at the 
child's level of understanding and to have him acquire through 
insight an adult level of operation of the process." 
Using this just mentioned belief are Clark and Eads ~ 
who introduce the process in a problem situation. They allow 
the children to offer various methods of solution and to solve 
the problem using these methods. After a discussion of the 
responses as to the one that is least satisfactory; the one 
that is the quickest, but may not be the quickest overall; and 
the one that is preferred, the authors would have the children 
work the algorism at three levels. In the early stages the 
algorism would be done in the following manner to show the 
thinking of the response. 
@Ibid, p. 301. 
~John R. Clark and Laura K. Eads, Guiding Arithmetic 
Learning. New York: World Book Company, 1954, p. 126. 
13 
~ 
- -- -
15 
xl2 
150 10 X 15 = 150 
30 2 X 15 = 30 150 ~ 30 = 180 
180 12 X 15 = 180 
The second level is to change the positions of the par-
tial products, as Clark and Eads believe that the work is then 
more meaningful. 
15 
xl2 
30 2 X 15 = 30 
150 10 X 15 = 150 30 + 150 = 180 
180 12 X 15 = 180 
The third level is the use of the standard algorism 
where t he zero in the second partial product .is omitted. 
15 
xl2 
30 
15 
180 
According to Clark and Eads w the children should have 
competence in multiplying a two-digit number by 10 or multiples 
of 10 before they undertake multiplying a two-digit number by 
another two-digit number. 
. w 
Spitzer is another author who believes that keeping 
the zero in the second partial product helps to "emphasize the 
fact that the first recorded number is a ten and not a one." 
:g/Ibid. 
~Herbert F. Spitzer, The Teaching of Arithmetic. Bos-
ton: Houghton Mifflin Company, 19~8, p. 202. 
14 
~ 
In addition he says that it may clariry the multiplication 
process if the pupil multiplies first by the left-hand digit of 
the mult iplier. 
Before beginning systematic instruction with a two-digit 
~ 
multiplier it is Spitzer's opinion that children benefit 
greatly by much oral work with the addition of tens, such as 8 
tens and 9 tens. He says, "In this case the sum 17 tens is 
just another way of saying 17 x 10." 
"The first systematic instruction 1n multiplication with 
a two-digit multiplier can be introduced easily through the use 
~ 
of problems involving 10 x 20 or 10 x 30, 11 says Spitzer. 
"If this is done in an oral exer'cise, the children will not even 
realize that anything new is being undertaken, for they will 
already have been doing multiplication examples, such as 9 x 20, 
or 9 x 30." 
In order that children may understand the answer, as to 
£§/ 
what happens when tens are multiplied by tens, Spitzer 
believes that they should add or use tens blocks to see that 
the result is hundreds or hundreds and thousands. 
Each of the preceding authors believes that the children 
@~. 
~Ibid, p. 201. 
£.2/Ibid. 
~Ibid. 
15 
should begin the study of multiplication with a two-digit mul-
tiplier at their own level of understanding. Through the devel-
opment of meanings the children will progress to the adult level 
of understanding and operation. 
Not all mathematical authors believe in the use of the 
zero in the second partial product in the beginning stages. 
~ 
Morton introduces the study with a problem situation~ 
but then he teaches the use of the standard algorism. 
~ Continuing~ Morton says~ "The introduction of the 
two-place multiplier also permits the use of the zero in the 
multiplier for the first time. If the situation produces an 
example which requires that 25 be multiplied by 30~ the teacher 
directs attention to the fact that when we multiply by 30 we 
are multiplying by 3 tens. The zero shows that there are no 
ones by which to multiply~ so we write a zero in the ones' 
place in the product. Then~ we multiply by the 3 in the tens' 
place~ and we write the first figure of the product under the 
3 that we are multiplying by." 
~ 
It is interesting to note that Morton advises "ex-
plaining why partial products are written as they are ••••••••• 
after the children have become proficient in multiplying by 
~Robert Lee Morton~ Teaching Children Arithmetic: Pri-
mary1 Intermediate~ Upper Grades. New York: Silver Burdett Com-
pany~ 1953, pp. 227-228. 
~Ibid~ p. 228. 
~Ibid~ PP• 228-229. 
16 
two-place numbers." He does this in the same manner as other 
aut hors do when beginning the study. 
46 
x37 
322 7 X 46 322 
138 30 X ~6 1380 
1702 37 X 4:6 1702 
iQ/ 
Buckingham also does not believe it necessary to use 
the zero in the second partial product. He says, "The use of' 
zero as a place holder is unnecessary since the rigid f'rame-
work of' the algorism serves the purpose." 
In agreement with Morton a.nd Buckingham is Wheat. 
In explaining the examp l e 32 times 856, Wheat says, "First, we 
multiply by 2 a.nd write the answer. Next, we multiply by 3 
(tens) and write the answer. We start writing this answer in 
the tens's place. We do not need to write 0 because our par-
tial answer above; 1712, will keep this answer in position. 
Last, we add our partial answers." 
1Q/B. R. Buckingham, Elementary Arithmetic: Its Meaning 
and Practice. Boston: Ginn and Company, 1947, p. 167. 
_g/Harry Grove \l'fueat, How to Teach Arithmetic. Evanston, 
I l linois: Row, Peterson and Company, 1951, p. 192. 
17 
CHAPTER III 
PROCEDURE 
The purpose of this study is to determine how well chil-
dren will do when they are asked to work without the zero i n 
the second partial product when multiplying with a t wo-digit 
multiplier after they have used the zero for a specified period, 
·and how much carry over there is to multiplication with a three-
digit multiplier. 
On Febr uary 28 , 1955 a test of the one hundred basic 
mult iplication facts was given to nineteen children in a fourth 
'gr ade class at the Beethoven School in Newton, Massachusetts. 
From this test it was determined that the group was 
r eady, in terms of its command of the basic multiplication facts, 
t o begin the study of multip lication with a two-digit multiplier. 
On the following day, March 1, 1955, the boys and girls 
began their work with 10 as the multiplier. After some famil-
iar examples such as 2 x 10, 3 x 10, etc., the children reversed 
the facts and multiplied 10 x 2, 10 x 3, etc. They discovered 
that to mul tiply 10 times a number, they added a zero to the 
number. Then they multiplied t wo-figured numbers by ten. 
The next two days were spent in learning to multiply 
two-figured numbers by multiples of ten. They found that they 
~ did thi s by putting down the zero t o mult i ply by ten, and then 
18 
to multiply by the tens number. 
A test, consisting of twenty examples, was administered 
on March a. All twenty multipliers were ten or multiples of 
ten. No specific time limit was given; however, no pupil 
needed more than eighteen minutes to complete the test. This 
test was given after instruction was begun with multiplication 
from 11 to 19 in order to ascertain if the children had remem-
bered the process of placing the zero and then multiplying by 
the tens number. 
When the pupils began the study of two-figured multi-
pliers other than ten or multiples of ten, the examples con-
tained as little carrying as possible, and no mention was made 
of omitting the zero in the second partial product. Two chil-
dren had been showed at home to omit the zero, but they were 
asked not to speak of this to the others. 
The third test was given on March 15 and again contained 
twenty examples of two-place multipliers and multiplicands. It 
t ook f orty minutes for the last child to complete it. 
After the third test the children were asked if they 
noticed any sameness in the exffinples they had been doing. They 
found that there was a zero as the first number in the second 
partial product of every example. \~en it was suggested that 
the answer to the example would be the same if the zero were 
left out and a blank space left, the children decided that time 
would be saved if they did the example this way. 
For three days the pupils worked their multiplication 
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examples this new way and experienced little difficulty in 
remembering to leave out the zero. Only one child reported 
that he thought it was easier to work the examples with the 
zero retained. 
On the twenty-first of March the fourth test was admin-
istered, and the pupils were requested to use the standard 
algorism. It took only· thirty-nine minutes for the last pupil 
to finish the twenty examples 1 fifteen of which had two-place 
multipliers and multiplicands and the remaining five had two-
place multipliers and three-place multiplicands. 
Ten days later the last test was given. This test 
served two purposes. The first was to discover if the children 
used the zero as a "crutch" or if they worked without it and the 
accuracy of their work. The second purpose was to find out if 
there was any carry over to multiplication with a three-digit 
multiplier. For the first purpose fifteen examples were given, 
five of these having a three-digit multiplicand. Five examples 
with three-digit multipliers and multiplicands were given for 
the second purpose. Some of the children inquired about the 
last five examples, but were told that they were to do as much 
as they could. This test required fifty minutes, and a few 
did not complete it. 
Each child's paper for every test was scored as to the 
total number of examples correct and the time it took him to 
complete it. 
All tests were made, administered, and corrected by this 
20 
writer, and a sample or each will be found in the next chapter 
along with an analysis of the results of each test. 
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CHAPTER IV 
ANALYSIS OF THE RESULTS 
Purpose of the study. The purpose of this study is to 
analyze the use of the zero as a "crutch" in the second partial 
product of a multiplication example whose multiplier is a t wo-
digit number and to determine how much carry over of learning 
there is to multiplication with a three-digit multiplier. 
Analysis of the data. All the information in the tables 
in this chapter, with the exception of the first table on 
I. Q. 's, was gained from the five tests which were adminis-
tered to nineteen children in a fourth grade class at the Bee-
thoven School in Newton, Massachusetts, over a period of time 
from February 28 1 1955 to March 31, 1955. The I. Q.'s were 
secured from the cumulative records which are kept for each 
child in the Newton Schools. 
1rable I is a distribution of the Intelligence Quotients 
for sixteen of the nineteen children who participated in the 
study. This information shows that half .of the group have an 
I. Q. in the 10~ to 114 range, and the mean I. Q. is 104.56. 
Only one child has an I. Q. below 90, which shows him to have 
below average intelligence. Five children are in the 110-11~ 
group, and they are considered to have above average intelli-
gence. The s. D. of 6.78 shows that this is a fairly homo-
22 
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geneous group. 
TABLE I 
I NTELLIGENCE QUOTIENTS OF 16 CHILDREN 
I. Q. FREQUENCY 
11-4: 2 
113 1 
112 0 
111 0 
110 2 
109 0 
108 0 
107 0 
106 l 
105 1 
10-4: 3 
103 2 
102 0 
101 1 
100 1 
99 0 
98 0 
97 0 
96 0 
95 0 
9-4: 1 
93 0 
92 0 
91 0 
90 0 
89 0 
88 l 
N= 16 lVI = 104. 56 lVId = 10-4: S.D.= 6.78 
Tables II to XVI, which follow, present data pertaining 
to the five tests which were done by the nineteen children. 
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TABLE II 
NUMBER CORRECT ON TEST I: 100 BASIC MULTIPLICATION FACTS 
SCORE FREQUENCY 
100 2 
99 2 
98 0 
97 2 
96 2 
95 1 
94 2 
93 0 
92 0 
91 0 
90 2 
89 1 
88 0 
87 0 
86 0 
85 0 
84 1 
83 0 
82 1 
81 1 
80 0 
79 1 
78 1 
N = 19 Jllld = 94 M= 91.58 
Table II shows that on Test I, a test of the one hundred 
basic multiplication facts, 50% of t he class had from 94 to 100 
examples correct, and the mean score was 91.58. These fis~res 
indicated that the class knew enough basic facts ~ for the study 
to proceed to the next step of learning to multiply by 10. 
N .:: 19 
MINUTES 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
TABLE III 
TII(E TO CON~LETE TEST I 
FREQUENCY 
Md = 12 
1 
1 
0 
1 
0 
4 
2 
1 
1 
1 
1 
1 
0 
1 
1 
0 
0 
1 
1 
1 
M:::.l3.53 
Table III is an analysis of the time it took to complete 
Test I. This table shows that the median was 12 minutes, and 
the mean was 13.53 minutes. The two pupils who scored 100 also 
were the fastest, taking only 5 and 6 minutes to complete the 
test. The child taking the longest time, 2~ minutes, made an 
excellent score of 96, while the child requirmng 22 minutes 
made the poorest showing, 78 examples correct. 
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TEST I 
6 8 4 3 3 5 4 2 1 6 
. 1 2 3 1 5 6 8 7 5 7 
3 6 3 1 1 8 6 4 8 7 
4 5 2 ~ 1 7 8 7 4 3 
9 5 3 9 7 5 6 8 9 0 
6 9 9 8 4 3 0 1 2 2 
6 3 0 2 7 8 9 7 2 2 
6 8 8 6 8 9 3 0 1 3 
7 5 1 0 1 1 6 4 4 1 
9 7 7 ~ 3 0 3 0 9 9 
0 0 7 3 3 ~ 6 5 8 9 
9 6 7 7 3 1 2 0 3 0 
8 9 5 ~ 8 6 5 3 0 2 
6 7 5 ~ 5 9 2 0 1 ~ 
0 0 1 2 2 4 6 7 7 8 
0 3 6 8 9 6 4 2 1 0 
2 5 1 1 0 9 0 9 4 4 
0 1 8 2 5 1 7 9 2 5 
5 2 3 7 9 2 7 9 5 8 
4 5 6 5 5 2 6 4 8 8 
The results o:f Test II are given in Tables IV and v. 
They show that the median score was 19. In :fact, 79% o:f the 
class had scores o:f 19 and 20. The mean score was 17.42. 
Table V indicates that the mean time to do this test on 
multiplying by 10 or multiples o:f 10 was 12.11 minutes. The 
median time was 12 minutes. 
The pupil who had 4 examples correct :failed to put in 
the zero to show that she had multiplied by 10 when a multiple 
of 10 was the multiplier. She did correctly the examples 
where 10 was the multiplier. 
One pupil failed to put down a single zero, but instead 
left the space blank. 
TABLE IV 
NUMBER CORRECT ON TEST II 
N= 19 
SCORE 
20 
19 
18 
17 
16 
15 
1~ 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 
Md= 19 
FREQUENCY 
8 
7 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
M:: 17. ~2 
27 
28 
'rABLE V 
TIME TO COMPLETE TEST II 
MINUTES FREQUENCY 
5 1 
6 0 
7 2 
8 1 
9 1 
10 2 
11 2 
12 2 
13 2 
14 1 
15 0 
16 1 
17 0 
18 4 
N = 19 Md= 12 M:12.11 
TEST II 
W1U1 tip1y and check 
64 12 13 75 53 
20 40 60 10 30 
35 41 42 63 87 
50 90 70 80 10 
-
76 81 49 62 25 
20 50 10 30 -iO 
66 94 85 20 -i1 
10 30 20 60 40 
TABLE VI 
NUMBER CORRECT ON TEST III 
N = 19 
SCORE 
20 
19 
18 
17 
16 
15 
14 
13 
12 
Md:::; 19 
FREQUENCY 
8 
3 
2 
2 
1 
2 
0 
0 
1 
M= 18.16 
Table VI shows that the median score on Test III was 19, 
and the mean was 18.16. This test contained 20 examples of 
two-place multipliers and multiplicands, and the children were 
expected to use the terminal zero. 
I 
A distribution of the time for Test III is given in 
Table VII. The median and mean both were found to be 24 min-
utes. The pupil who took the shortest time did not have a 
score of 20, but the child who required two minutes longer did. 
Also, the pupil who took the longest time, 40 minutes, scored 
a perfect 20. 
*In this Table, and others similar to it, both the mean 
and the median were computed from scores before grouping them 
into the frequency distributions. 
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Wrultiply and 
43 
.x12 
8 4 
x42 
82 
x24 
81 
xl3 
MINUTES 
9-12 
13-16 
17-20 
21-24 
25-28 
29-32 
33-36 
37-40 
check 
24 
xl5 
54 
x21 
92 
x39 
21 
xl4 
TABLE VII 
TIME TO COMPLETE TEST III 
Md= 24 
'rEST III 
61 
x23 
43 
x33 
46 
xl6 
57 
xll 
FREQUENCY 
2 
3 
3 
2 
4 
2 
0 
3 
45 
x34 
70 
x56 
76 
x31 
34 
x32 
M= 24 
57 
x51 
65 
xl3 
92 
x65 
72 
xl7 
In Test IV there were twenty examples with two-digit 
multipliers. The children were requested to use the standard 
algorism. The results of this test are shown in Tables VIII 1 
Seven children had scores of 20 1 and the median was 19 
30 
and the mean, 17.21. Sixty-three per cent of the group had 
fewer than three errors. 
TABLE VIII 
NUMBER CORRECT ON TEST IV 
N = 19 
SCORE 
20 
19 
18 
17 
16 
15 
1~ 
13 
12 
11 
10 
9 
8 
7 
Md.= 19 
FREQUENCY 
7 
3 
2 
1 
2 
1 
1 
0 
0 
0 
0 
1 
0 
1 
M= 17.21 
Table IX shows the time required to complete Test IV. 
The median was 26 minutes and the mean, 23.~2 minutes. The 
child who finished in nine minutes did not make a perfect 
score, but the four children in the 15-17 interval did. 
According to Table X there were no examples in which 
the terminal zero was used. 
On Test IV there were 53 total errors, and only 1 was 
due to the incorrect placing of the second partial product. 
31 
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TABLE IX 
'riME TO COMPLE·rE TEST IV 
MINUTES FREQUENCY 
9-11 1 
12-1~ 0 
15-17 ~ 
18-20 3 
21-23 1 
24-26 3 
27-29 1 
30-32 3 
33-35 1 
36-38 1 
39 1 
N = 19 Md:: 26 M = 23.~2 
TEST IV 
NIU1t ip1y and check 
33 2~ ~7 92 13 
22 ~1 34 61 25 
57 73 35 82 61 
33 26 12 36 24 
-
91 34 90 54 46 
27 18 31 21 73 
124 2~3 521 42~ 183 
32 22 35 41 13 
N=-19 
TABLE X 
:NuMBER OF EXAMPLES IN WHICH TERMINAL 
ZERO WAS USED IN TEST IV 
EXAMPLES 
0- 2 
3- 5 
6- 8 
9-11 
12-14 
15-17 
18-20 
Md= 0 
FREQUENCY 
19 
0 
0 
0 
0 
0 
0 
The last test, Test V, had twenty examples. The first 
fifteen had two-digit multipliers while the remaining five had 
three-digit multipliers. 
Table XI is an analysis of all twe~ty examples on Test V. 
It shows that the median was 13 and the mean, 12.74. Only one 
child was able to do all twenty examples correctly, and the 
poorest result was achieved by one pupil who had 4 examples 
correct. 
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TABLE XI 
NUMBER CORRECT ON TEST V FOR TWENTY EXAMPLES 
N = 19 
SCORE 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
lVId ::::- 13 
FREQUENCY 
1 
1 
2 
0 
1 
1 
1 
5 
2 
0 
1 
0 
0 
1 
2 
0 
1 
M = 12.74 
The children were not limited as to time on Test V, but 
when two children were still working after fifty minutes, their 
papers were collected. Table XII, which follows, shows that 
the median time was 36 minutes, and the mean was 34.79 min-
utes. 
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TABLE XII 
TIME TO COMPLETE TEST V - ALL TWENTY EXAMPLES 
N= 19 
MINUTES 
14-16 
17-19 
20-22 
23-25 
26-28 
29-31 
32-34 
35-37 
38-40 
41-43 
44-46 
47-49 
50 
Md = 36 
FREQUENCY 
1 
0 
1 
3 
0 
2 
1 
3 
2 
2 
2 
0 
2 
M= 34.79 
Tables XIII and XIV show the results on the first fif-
teen examples on Test V. The class was not told that they had 
to omit the terminal zero. It was left to their discretion. 
The median on the number correct was 13, and the mean was 11.37. 
Three children were able to do all fifteen examples correctly. 
Table XIV analyzes the use of the· terminal zero on the 
first fifteen examples. Sixteen children did not use the zero 
at all. Only three children used it, and they did not use it 
in all fifteen. The median was zero, and the mean, 1.89. 
There were 138 errors in all on this section of Test v. 
Five of these errors were due to faulty handling of the second 
partial product. 
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N= 19 
TABLE XIII 
NUI(BER CORRECT ON FIRST FIFTEEN EXAMPLES 
SCORE 
15 
1-4 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
ON TEST V 
Md= 13 
FREQUENCY 
3 
2 
5 
2 
1 
2 
0 
0 
1 
2 
0 
1 
M= 11.37 
36 
TABLE XIV 
NUMBER OF EXAMPLES IN WHICH TERMINAL ZERO WAS 
N.:: 19 
USED IN FIRST FIFTEEN ~~LES IN TEST V 
EKAMPLES 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Md:= 0 
TABLE XV 
FREQUENCY 
16 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
0 
0 
M ::- 1.89 
NUMBER CORRECT ON LAST FIVE EXAMPLES ON TEST V 
N:: 19 
SCORE 
5 
4 
3 
2 
1 
0 
.. 
Md= 0 
FREQUENCY 
4 
0 
1 
1 
1 
12 
M.:: 1.37 
3 7 
The last five examples of Test V contained three-digit 
multipliers and multiplicands. The class had not been taught 
anything specific as to the manner of operation, but they were 
instructed to do as much as they were able. 
Table XV shows that the median was zero, and the mean 
was 1.37. Only seven children were able to do any correctly, 
and four of these were able to do all five correctly. Twelve 
of the class failed to achieve any correct results. 
Very few terminal zeros were used in either the second 
or third partial products. None of the four who had perfect 
scores used them, nor did those who had one, two, or three 
correct. The zeros were found in examples where the child 
failed to multiply by the hundreds digit. One child inserted 
terminal zeros in the second partial product, but used only 
one terminal zero in the third partial product and put this 
zero in the ones column. 
Table XVI gives a summary of the data on these last 
five examples. 
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TABLE XVI 
SUMMARY OF DATA ON LAST FIVE EXA~WLES ON TEST V 
1. Examples in all 95 
2. Examples attempted 90 
3. Examples not attempted 5 
4. Examples not completed 20 
5. Examples correct 26 
6. Errors in all 69 
7. Errors due to placement 36 
a. Errors due to multiplication 6 
9. Errors due to addition 2 
10. Errors caused by failure to multiply 
by the hundreds digit 19 
TEST V 
Multiply and check 
45 74 54 58 83 
11 62 16 34 23 
84 62 71 87 49 
95 47 55 78 82 
238 114 135 623 257 
25 52 24 48 52 
314 124 413 231 205 
112 131 322 246 312 
I 
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CHAPTER V 
SU~il~Y AND CONCLUSIONS 
Problem and procedure. This study was conducted to an-
alyze the persistency of the use of the zero as a "crutch" in 
the second partial product when multiplying by a two-digit num-
ber and to study the tr~nsfer of learning when multiplying by 
a three-digit number. 
Along with regular classroom instruction in multiplica-
, tion with two-digit multipliers, five tests were given to the 
nineteen children who were taking part in this study. All tests I 
I 
were made, administered, corrected, and analyzed by this writer. 
Summary of the findings. 
1. On the distribution of the Intelligence Quotients 
(for 16 of the 19 children) the median was 104; the mean, 
104.56; and the s. D., 6.78. 
2. The S. D. shows that this was a fairly homogeneous 
group. 
3. Test I, a test of the 100 Basic Multiplication Facts, 
with the median at 94, snd the mean at 91.58, showed that the 
group was ready, in terms of its command of the basic multi-
plication facts, to proceed to the study of multiplication by 
' 10 and multiples of 10. 
4. The time to complete Test I showed that, in general, 
those taking the shortest time had the highest scores. 
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5. Test II was a test on multiplying by 10 and multi-
ples of 10. The median score on the number of examples correct 
was 19, and the mean was 17.42. Again, the pupils did well 
enough to proceed with the next step which was multiplying by 
a two-digit number other than 10 or a multiple of 10. 
6. The time to complete Test II is analyzed in this 
way: median, 12; and mean, 12.11. The shortest time was 5 min-
utes, and the longest, 18. 
7. Test III was given after the group had been taught 
to multiply by two-place numbers. They were expected to use 
the terminal zero. The median was 19, and the mean, 18.16. 
8. On the time to finish Test III, both median and 
mean were the same, 24 minutes. 
9. When Test IV was administered, the children were 
supposed to omit the terminal zero, and they all did. Only 1 
error out of a total of 53 was due to the incorrect placing of 
the second partial product. 
10. On Test IV, the median number of examples correct 
was 19, and the mean, 17.21. 
11. The median time to complete Test IV was 26 minutes, 
and the mean was 23.42. 
12. A comparison of Tests III and IV shows that: 
a. the median for the number of examples correct 
was 19 on each test. 
b. the mean for the number of examples correct on 
Test III was 18.16, and for Test IV was 17.21. 
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c. the median for the number of examples correct on 
each test was slightly higher than the mean. 
d. the median on the time to complete Test III was 
24 minutes; and on Test IV it was 26. 
e. the mean time on Test III was 2~, and on Test IV, 
23.42. 
f. the median time was higher on Test IV, and the 
mean time was higher on Test III. 
13. For all twenty examples on Test V the median cor-
rect was 13, and the mean, 12.74. 
14. The median time for all twenty examples on •rest V 
was 36, and the mean was 34.79. 
15. If Tests III, IV, and V (all twenty examples) are 
compared, we find that: 
a. the median and mean number of examples correct 
is smaller for Test V than for either of the 
other two. 
b. the median and mean time is higher for Test v. 
16. It took longer to do Test V than III or IV, and the 
scores were lower than for Test III and IV. 
17. For the first fifteen examples on Test V the median 
number correct was 13; and the mean, 11.37. 
18. Three children used terminal zeros in the first 
fifteen examples in Test v. The median was zero while the mean 
was a low 1.89. 
19. Only 5 errors of the 138 committed on the first 
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fifteen examples were due to faulty handling of the second 
partial product. 
20. Only four pupils had all of the last five examples 
on Test V correct. Three others had one~ two, and three exam-
ples correct. The median was zero, and the mean, 1.37. These 
examples contained three-digit multipliers and multiplicands. 
No specific instruction had been given as to the mruiner of 
operation. 
21. The seven children who were able to do any of the 
last five examples on Test V correctly did not use the terminal 
zero~ 
22. In all there were 69 errors on the last five exam-
ples. Thirty-six errors were due to placement of the third 
partial product; 6 to multiplication; and 2 to addition. 
Conclusions. 
1. Few children used the terminal zero in the second 
partial product when they had a choice of using it or not. 
2. If the children retain the terminal zero for some 
time before they are taught to do without it, few errors in the 
correct placing of the second partial product will result when 
they do work without it. 
3. There was little transfer of learning from multi-
plying by a two-digit number to multiplying by a three-digit 
number. Children will need definite instruction in multiply-
ing by the hundreds digit. 
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Suggestions for further study. 
1. A study of this same subject could be done, but with 
a much larger group of children. 
2. A comparison study on the use of zero as a "crutch" 
could be done with a group of children where there was more 
variation in the I. Q. •s. The results could be studied on the 
basis of high, average, and low I. Q. 1 s. 
44 
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